This method of system analysis is based on O2 and CO2 concentration curves obtained simultaneously from expired air during constant flow expiration. First, theoretical equations for alveolar O2 and CO2 curves were derived by using a simple gas exchange model. By substituting them with the measured data on alveolar gas concentrations and volume, such parameters as O2 uptake VO2, pulmonary blood flow Q and venous PCO2, were estimated. Expired air was continuously analyzed by means of a glow discharge gas analyzer and the alveolar gas volume was measured immediately after the gas analysis using a body plethysmograph.
The estimated Q value showed a dispersion of about 14% average standard deviation in each subject, but other parameters showed no large variation. The average Q values of several measurements, however, corresponded with those obtained by an acetylene inhalation method. The also corresponded well with that measured by spirometry. This coinciding data seemed to reveal that the model was reasonable for the analysis. CO2 output, by virtue of the Haldane effect, was examined through the analyses in both normoxia and hypoxia in 9 normal subjects. No significant effect was observed.
While developing a technique for the continuous registration of O2 and CO2 concentrations in expired air, we found that such parameters as the pulmonary blood flow Q, the O2 uptake VO2, and the venous CO2 tension PVCO2 could be estimated by analyses of the recorded curves.
When expiration occurs continuously at a constant flow rate, the O2 and CO2 curves are influenced by the above parameters.
The manner in which the curves relate to the parameters differs from one parameter to another. Thus, when O2 and CO2 fractions are quantified from the recorded curves as functions of expiration time, and when the number of Preliminarily, we intended to obtain the lung gas volume existing prior to expiration from the O2 curve, but results revealed that the technique was not accurate enough to provide reliable data for the volume. Thus, we combined the method of DUBOIS et al.(1956) for obtaining the pulmonary gas volume by means of a body plethysmograph with the gas analysis. The merit of this method is that various parameter values can be estimated in a short period of one prolonged expiration and that the in vivo Haldane effect can be evaluated by comparing the level in normoxia with that in hypoxia in which the O2 uptake is diminished.
In addition, it has been clarified that the Q value measured by this method coincides well with that measured by a conventional acetylene inhalation method.
In the present paper, the technique of this system analysis will be described, together with some experimental data to show the validity of the method.
METHODS
Theoretical O2 curve in expired air. The lung is assumed to be a simple gas space within which O2 and CO2 concentrations are uniformly distributed. When the dead space is given as Vd (STPD) and the total lung capacity existing just before expiration is Vo (STPD), the initial alveolar gas volume is Vo-Vd. When the flow rate of expiration is constant and denoted by c, the alveolar air comes out of the mouth when expiration time reaches Vd/c. Therefore, if the expiration time is measured from this time point, the alveolar gas volume V at any time t is given as V=Vo-Vd-ct.
Let the O2 fraction at time t be F. Then, the O2 content in the alveolar air is given as F.(Vo-Vd-ct).
As shown by the O2 dissociation curve of blood the O2 content in arterial blood is almost invariable in a normoxic PO2 range, regardless of alveolar Po,. Thus, the 
When the O2 fraction is measured at two time points of 5 and 15 seconds, Eq. (1) turns into the following equation: (2) where F5 and F15 are the O2 fractions at 5 and 15 seconds after the start of expiration respectively. Thus, when Vo-Vd is subsequently measured immediately after gas analysis, VO2 can be evaluated from Eq.(2) after integrating F from 5 to 15 seconds.
On the other hand, Eq.(1) is solved as follows:
Substituting F5 at sec into Eq.(3), Fo can be expressed as,
Certainly it is possible to obtain both the values of Fo and VO2 by substituting F5 and F15 into Eq.(3). In this case the integral calculation of F can be omitted, but the calculation of VO2 becomes a little more complicated. Theoretical CO2 curve in expired air. Since the CO2 output depends on the tension difference between the venous blood and alveolar air, the CO2 fraction term was converted to tension (mmHg) in the analysis of the CO2 curve. Similar to Eq.(1), the CO2 quantity at any time t during expiration is given by (Vo-Vd-ct) where PB and P are the barometric pressure and CO2 tension in expired air at time t respectively. 
where P0 is the initial PCO2 in alveolar air. When P is measured at 3 time points of 5, 10 and 15sec, and the measured values are put P5, P10 and P15, Eq.(5) becomes the following equation: (6) When the initial alveolar volume Vo-Vd is measured, the Q can be evaluated from Eq.(6) after integrating P in two time spans of 5 to 10sec and 10 to 15sec. Similarly to Eq. (6) stabilized. The mouthpiece in the box was connected to the gas analyzer by means of a 3-way cock (A), a constant flow valve (F) (OSBORN et al., 1968) and another 3-way cock (B) as shown in Fig. 1 . During the stabilizing period the subject was instructed to breathe room air outside the box through the cock A so as to avoid the change in O2 and CO2 concentrations. The change in box pressure caused by this was diminished by a leakage across the box through a 3-way cock C, which was switched to a manometer M1 when the box pressure was measured. After the stabilizing period the calibration of the analyzer was made by introducing gas mixtures with known compositions for O2 and CO2 from bombs through cock B. At this time the calibration gas flowed into the analyzer as well as into the room air through the constant flow valve F and the 3-way cock A. That is, tubing connecting the valve to the cocks was filled with the calibration gas. After calibration cock A was turned to a position that prevented the last of the calibration gas from being removed from the tubing. The filled gas showed a peak in re- Fig. 3 . Relationship between the slope of CO2 dissociation curve and PCO2 in blood. The CO2 dissociation curve in blood was evaluated from nomograms reported by MENGDEN et al.(1971) and VAN SLYKE and SENDROY (1928 
Although the initial point of dead space expiration could be obtained easily from the recorded signal peak, its end point became ambiguous because of the mixing of alveolar gas with the dead space gas. Thus, we estimated the border between these gases, assuming that at the border the dead space gas was mixed with the alveolar at an equal mixing ratio. As shown in Fig. 2 of average O2 fractions from 5 to 15sec (F) and the arithmetic mean of F5 and F15, ((F,+F15)12) together with two Vo2 values, Vo2-1 and Vo2-2 which were obtained by using F and (F5+F15)12 respectively. The average F value was obtained by measuring the O2 fraction every second from 5 to 15sec. Since the curvature of the small, as shown by the value of about 0.1 in % fraction. The difference in 1702 was also so small that it may be disregarded in practical use. Since the F value was a little larger than the arithmetic mean, the Vo2-1 was slightly smaller than the m-2. This result seemed to suggest that, when the Q was obtained repeatedly several times for one subject, the average value would show a fairly reliable value. Owing to the high Vo2 value the avDo, was enhanced as shown by the average value of 6.96 vol %; this value would be acceptable in reference to the subject's age and the body position as reported by EKELUND and HOLMGREN (1967) and STRANDELL (1964) .
Influence of error in Vo-Vd value to the parameters Using the body plethysmograph, the lung gas volume Vg was measured before and after an expiration of about 2 liter alveolar gas. As a result we ascertained that the difference between two Vg values coincided with the expired gas volume within an error of 150ml. In the system analysis in hypoxia, howerer, we abbre- Table 7 . Parameter values obtained in 9 normal subjects in normoxia and hypoxia. The lung gas volume in hypoxia was assumed to be identical with that measured in normoxia.
changeable. In order to know the interrelation among such parameters it is necessary to evaluate the parameters as a whole in as short a time as possible. KOYAMA (1973a) and KOYAMA and NAKAJIMA (1974) measured the Q value by recording acetylene concentration in expired air during constant flow expiration. By this method, however, parameters other than the Q could not be obtained. For the purpose of analyzing the system, therefore, the development of another method was necessary. Thus, we attempted the system analysis by using a simple gas exchange model and by measuring O2 and CO2 curves in expired air as variables during constant flow expiration. Although the method is not yet accurate enough, especially in obtaining quantitative Q value as shown in Table 4 , it may be safe to say that the model used was satisfactory enough to analyze the system in a normal subject. A large dispersion of the Q may be attributed mainly to the fluctuation of the CO2 curve due to some technical errors, because Vo2 value showed no large variation. For instance, the constant flow rate was kept constant by using an OSBORN 'S valve (1968) , but the alveolar pressure was not always kept constant. As shown. by KOYAMA (1973b) the Q value depends on the alveolar pressure; the former decreases as the latter increases. Therefore, it might be necessary to keep the alveolar pressure constant as well as the air flow rate. On the other hand, as shown in Fig.  4 a cardiogenic oscillation was observed on the O2 and CO2 curves in most subjects, thus, suggesting existence of non-uniform distribution of O2 and CO2 concentration in the alveoli. If this non-uniformity is changeable during a course of expiration, it may cause, more or less, the fluctuation of the CO2 curve resulting in the variation of the Q value. In general the cardiogenic oscillation of CO2 is not as large as that of O2, hence, this cause may be less effective than the technical error in keeping alveolar pressure at a constant level. RIGATTO et al.(1968) showed in their measurement of N2O concentration in expired air during a rebreathing process that the influence of pulmonary recirculation appeared about 13sec after the start of rebreathing. CANDER and FORSTER (1959) reported, however, that the pulmonary recirculation showed no significant influence on the Q value measured by a single acetylene inhalation method, where the breath holding lasted for about 18sec. KOYAMA and NAKAJIMA (1974) illustrated also in the measurement of acetylene in expired air that the influence of the recirculation first appeared after 15sec of a constant flow expiration. Therefore, the CO2 tension at 15 seconds, P15 might receive no influence of the recirculation.
In the present study 3 to 5 measurements were repeated successively and took average values of the parameters to exclude the technical errors. If, however, the Q could be obtained for instance by acetylene inhalation method using a mass spectrometer, and also, if the pulmonary tissue volume could be estimated by some other method, the system analysis may be performed more accurately.
As shown in 
